. Reduction of zolpi-azepine receptor (BZ1) agonist zolpidem on miniature inhibdem sensitivity in a freeze lesion model of neocortical dysgenesis. itory postsynaptic currents (mIPSCs). Preliminary results J. Neurophysiol. 81: 404-407, 1999. Early postnatal freeze lesions from this study have appeared in abstract form (DeFazio in rat neocortex produce anatomic abnormalities resembling those and Hablitz 1997).
observed in human patients with seizure disorders. Although in vitro brain slices containing the lesion are hyperexcitable, the M E T H O D S mechanisms of this alteration have yet to be elucidated. To test the hypothesis that changes in postsynaptic inhibitory receptors Animals were housed and handled according to approved guidemay underlie this hyperexcitability, we examined properties of g-lines. Timed pregnant Sprague Dawley rats arrived on embryonic aminobutyric acid type A receptor (GABA A R) -mediated minia-day 15. Freeze lesions were generated using modifications of the ture inhibitory postsynaptic currents (mIPSCs). Recordings were technique of Dvorak and Feit (1977) . On postnatal day 2 (P2) obtained in layer II/III pyramidal cells located 1-2 mm lateral to rat pups were anesthetized by hypothermia (5 min on ice). The the lesion. mIPSC peak amplitude and rate of rise were increased cold probe consisted of a 2-mm-diam copper bar extending from relative to nonlesioned animals, whereas decay time constant and a 50-ml centrifuge tube filled with methanol cooled to about 050ЊC interevent interval were unaltered. Bath application of zolpidem with dry ice. After the scalp was opened along the midline, the at a concentration (20 nM) specific for activation of the type 1 cold probe was placed on the surface of the skull near the midline benzodiazepine receptor had no significant effect on decay time for 3-5 s. After the incision was sutured, the animals were placed constant in six of nine cells. Exposure to higher concentrations under a heat lamp and, after 30 min, returned to their home cage. (100 nM) enhanced the decay time constant of all cells tested All procedures for recording and slice preparation are described (n Å 7). Because mIPSCs from unlesioned animals were sensitive in detail in DeFazio and Hablitz (1998) . Briefly, slices were preto both concentrations of zolpidem, these results suggest that freeze pared from eight lesioned animals 17-27 days postnatal. Rats were lesions may decrease the affinity of pyramidal cell GABA A Rs for anesthetized by intraperitoneal ketamine injection (100 mg/kg) zolpidem. This could be mediated via a change in a-subunit com-before decapitation. The brain was rapidly removed and submerged position of the GABA A R, which eliminates the type 1 benzodiaze-in ice-cold, low-calcium saline (containing, in mM, 125 NaCl, 3.5 pine receptor.
KCl, 26 NaHCO 3 , 10 glucose, and 3.8 MgCl 2 ) bubbled with 95% O 2 -5% CO 2 . Coronal sections (300 mm) containing somatosensory cortex were cut using a Vibratome. Slices were stored in saline
consisting of (in mM) 125 NaCl, 3.5 KCl, 26 NaHCO 3 , 10 glucose, 2.5 CaCl 2 , and 1.3 MgCl 2 , bubbled with 95% O 2 -5% CO 2 .
Cortical malformations such as polymicrogyria have been Recent studies have demonstrated that acutely prepared, lemM tetrodotoxin (TTX), 20 mM 2-amino-5-phosphonopentanoic sion-containing, neocortical brain slices are hyperexcitable acid (APV), and 10 mM 6-cyano-7-nitroquinoxaline-2,3-dione (Hablitz and DeFazio 1998; Jacobs et al. 1996 ; Prince et al.
(CNQX). Zolpidem was dissolved in 100% ethanol to make con-1997). The mechanisms underlying this increase in excitcentrated stock solutions each week. These stocks were stored at ability are still in debate.
020ЊC. All compounds were obtained from Sigma Chemical with
To identify possible changes in GABA A R pharmacology the exception of zolpidem, which was purchased from Research in this model, we examined the effects of the type 1 benzodi-Biochemicals. Drugs were bath applied, and each cell served as its own control.
Cells with series resistance ú20 MV or significant changes in
The costs of publication of this article were defrayed in part by the series resistance during the duration of the experiment were not payment of page charges. The article must therefore be hereby marked used for this analysis. Events were detected off-line, and decay ''advertisement'' in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
time constants, peak amplitudes, rate of rise, and interevent inter- the decay time constant as shown in the normalized traces (Fig. 2B ). This enhancement is reflected in the decay time
Values are means { SE; number of cells in Nonlesioned Cortex was 13 constant probability distributions in Fig. 2C . The results and in Lesioned Cortex was 9. Basic properties were measured under control conditions before the application of zolpidem. Values from nonlesioned shown in Fig. 2 are very similar to the effects of zolpidem cortex were obtained in a concurrent study (DeFazio and Hablitz 1998) . in control animals (DeFazio and Hablitz 1998).
Both peak amplitude and rate of rise were significantly increased in cells
The effects of 20 and 100 nM zolpidem on decay time from lesioned cortex. The large apparent difference in interevent interval constant are summarized in Fig. 3 . The percent increase in was due to two large outliers in the lesioned cortex group. mIPSCs, miniadecay time constant, relative to control mIPSCs recorded ture inhibitory postsynaptic currents. * P õ 0.02. before exposure to zolpidem, was averaged across cells to allow a direct comparison of the results from lesioned and vals were measured as previously described (DeFazio and Hablitz 1998). The Kolmogorov-Smirnov test was used to determine nonlesioned cortex. A significantly smaller enhancement of whether two distributions were significantly different. Each distri-the decay time constant by 20 nM zolpidem was observed bution contained a minimum of 70 events (mean 123, range 70-in neurons from lesioned animals. The cells from lesioned 277). In a previous study in unlesioned cortex, a level of P õ animals were then grouped by the results of the Kolmogorov-0.01 was used for testing the significance changes in decay time Smirnov test of the effect on the decay time constant of 20 constant distributions (DeFazio and Hablitz 1998); however, for nM zolpidem (less zolpidem-sensitive cells with no signifithis study a significance level of P õ 0.05 was to reduce the cant effect, n Å 6 of 9; zolpidem-sensitive cells with degree possibility of false negatives. t-Tests were used to compare averof significance P õ 0.05, n Å 3 of 9). All cells in both aged results between nonlesioned and lesioned cortex with a signonlesioned and lesioned cortex demonstrated similar renificance level of P õ 0.05. sponsiveness to 100 nM zolpidem, as shown in the second set of bar graphs in Fig. 3 . In addition to the effect of zolpi-R E S U L T S dem on decay time constant, 20 and 100 nM zolpidem sig-
Properties of mIPSCs in lesioned cortex
nificantly enhanced the distributions of peak amplitudes of a subset of cells (n Å 1 of 9 and n Å 3 of 7, respectively). Whole cell voltage-clamp recordings were made from visually identified layer II/III pyramidal cells located 1-2 mm D I S C U S S I O N lateral from the lesion. The results from nine cells from eight freeze-lesioned animals (2 cells came from 2 slices from 1 mIPSCs were recorded from neocortical pyramidal cells animal) are reported below. Four properties of mIPSCs, peak in an area adjacent to the freeze-induced microsulcus. Both amplitude, rate of rise, decay time constant, and interevent the peak amplitude and rate of rise were significantly eninterval were measured using identical analysis parameters hanced in cells from lesioned cortex. It is clear that inhibitory employed previously in nonlesioned animals (DeFazio and innervation of layer II/III pyramidal cells is present in leHablitz 1998). The results obtained during the control period sioned cortex and may be functionally enhanced. This is before exposure to zolpidem are summarized in Table 1 , consistent with previous work demonstrating a prominent where they are compared with values obtained in nonleinhibitory component in the evoked epileptiform discharge sioned cortex (DeFazio and Hablitz 1998). Consistent with (Hablitz and DeFazio 1998) and enhancement of both previous studies (Prince et al. 1997) , peak amplitude and evoked and spontaneous IPSCs (Prince et al. 1997) in this rate of rise were enhanced in cells from lesioned cortex.
model of cortical maldevelopment. The majority of cells in this study (6 of 9 cells) were Effects of zolpidem in cells from lesioned animals insensitive to low concentrations of zolpidem, a benzodiazepine type 1 selective agonist. Our previous work in nonleIn six of nine neurons from lesioned animals, 20 nM zolpidem had no significant effect on the basic mIPSC prop-sioned cortex demonstrated a significant enhancement of decay time constants in the presence of 20 nM zolpidem in all erties measured in this study, whereas 100 nM zolpidem significantly enhanced the decay time constant in all cells cells studied (9 of 9) (DeFazio and Hablitz 1998). A decrease in the sensitivity to 20 nM zolpidem can be explained tested under this condition (n Å 7 of 7). The six cells lacking a significant increase in decay time constant by 20 nM zolpi-by a change in affinity of the benzodiazepine site for zolpidem. The a1bg2-subunit combination is thought to give rise dem will be referred to as ''less zolpidem-sensitive'' cells. Results from a representative less zolpidem-sensitive cell to the type 1 benzodiazepine receptor with high affinity for zolpidem. In recombinant systems, this subunit combination are shown in Fig. 1 . No effect of 20 nM zolpidem on decay time constant is apparent in the normalized traces shown in has pharmacological properties similar to those we observed in unlesioned cortex (DeFazio and Hablitz 1998). The re- Fig. 1B . Batch application of 100 nM zolpidem significantly enhanced both amplitude and decay time constant (Fig. 1 , duction in sensitivity to zolpidem observed in lesioned cortex may be due to a change in the pattern of expression of a-A and B, respectively). Cumulative probability plots ( averaged miniature inhibitory postsynaptic current (mIPSC) records before and after zolpidem application. An increase in peak amplitude during 100 nM zolpidem exposure is apparent in these traces. B: averaged traces were normalized to their peak values. Enhancement of the decay time constant in 100 nM zolpidem is apparent. C and D: probability distributions and the results of the Kolmogorov-Smirnov tests for decay time constant and peak amplitude, respectively. The number of events in each distribution was 106, 98, and 108 for control, 20 and 100 nM zolpidem, respectively. subunits. A switch in expression of primarily a1-subunits to zolpidem, predominates in early postnatal rat development (P0-P6) with the a3-subunit eclipsing even a1-subunit exa2-or a3-subunits would result in a lower affinity for zolpidem, because the pharmacology of recombinant a2-and a3-pression intensity during this period (Laurie et al. 1992) . It is possible that the freeze lesion somehow delays or arrests subunits resembles the type 2 benzodiazepine (for review, see Luddens et al. 1995) . Expression of a2-5 subunits, maturation of the GABA A R.
Decrements in the benzodiazepine receptor-mediated which give rise to GABA A Rs less sensitive or insensitive to FIG . 2. Example of a cell from a lesioned animal sensitive to 20 and 100 nM zolpidem. A: averaged traces illustrate a modest increase in peak amplitude. B: normalized traces showing the large increases in decay time constant in both 20 and 100 nM zolpidem. C and D: decay time constant and amplitude probability distributions. Asterisks indicate degree of significance: ***P õ 0.001, **P õ 0.005, and *P õ 0.05. Each distribution contained 166, 164, 160, and 157 events for control, 20 nM, 100 nM, and wash. FIG . 3. Comparison of the effects of zolpidem on decay time constants from nonlesioned and lesioned animals. The percent change relative to the prezolpidem control period for each cell was averaged and compared with results obtained in our previous study in nonlesioned cortex. The control (from nonlesioned animals) study consisted of 9 cells exposed to 20 nM zolpidem and 5 cells exposed to 100 nM zolpidem. A total of 9 cells from lesioned cortex was exposed to 20 nM zolpidem, and 7 of those cells were also exposed to 100 nM zolpidem. Six of 9 cells from lesioned cortex were insensitive to 20 nM zolpidem. Asterisks indicate level of significance: *P õ 0.03 and **P õ 0.001. Error bars indicate SE. Neurophysiol. 77: 1924 Neurophysiol. 77: -1938 Neurophysiol. 77: , 1997 glutamate receptors following kindling induced epilepsy HABLITZ, J. J. AND DEFAZIO, T. Excitability changes in freeze-induced neo- (Holmes et al. 1996; Mody and Heinemann 1987) . The
